Two experiments were conducted to characterize changes in serum hormones prior to and during puberty in bulls and to study effects of castration or shortening the scrotum on these hormonal changes. In the first experiment, four of eight prepubertal bulls (135 days old) and four of eight pubertal bulls (278 days old) were left intact and four of each group were castrated. Two weeks later, serum LH concentrations did not differ between prepubertal and pubertal animals, but steers had higher mean LH and more frequent episodic peaks than bulls at both ages. Serum prolactin concentrations did not differ significantly between bulls and steers, but older steers and bulls tended to have greater prolactin than younger animals (17.3 ng/ml vs 8.1 ng/ml). Prepubertal bulls had higher mean growth hormone concentrations than pubertal bulls or steers at both ages. Testosterone concentrations were fourfold greater in pubertal than in prepubertal bulls.
Two experiments were conducted to characterize changes in serum hormones prior to and during puberty in bulls and to study effects of castration or shortening the scrotum on these hormonal changes. In the first experiment, four of eight prepubertal bulls (135 days old) and four of eight pubertal bulls (278 days old) were left intact and four of each group were castrated. Two weeks later, serum LH concentrations did not differ between prepubertal and pubertal animals, but steers had higher mean LH and more frequent episodic peaks than bulls at both ages. Serum prolactin concentrations did not differ significantly between bulls and steers, but older steers and bulls tended to have greater prolactin than younger animals (17.3 ng/ml vs 8.1 ng/ml). Prepubertal bulls had higher mean growth hormone concentrations than pubertal bulls or steers at both ages. Testosterone concentrations were fourfold greater in pubertal than in prepubertal bulls.
In a second experiment, 12 2-week-old bulls were assigned to be bulls, steers or bulls with shortened scrotums (SS bulls). Blood was sampled at .5-hr intervals for 24 hr each month for 10 months. Serum LH concentrations increased significantly from 1 to 3 months in steers, from 1 to 2 months in SS bulls and from 1 to 4 months in bulls, while frequency of LH episodic peaks increased fivefold from 1 to 4 months in each treatment. Steers had greater serum LH concentrations and more frequent LH peaks than bulls from 3 to 10 months, while SS bulls had higher LH concentrations at 5 and 6 months and more LH peaks than bulls at 3 and 4 months. FSH concentrations did not 1 Michigan Agr. Exp. Sta. Journal Article No. 8758 . This research was supported in part by USPHS Research Grants HD06948 and HD10123.
2 Animal Reproduction Laboratory, Department of differ between or change with age in bulls or SS bulls, but FSH increased between 1 and 2 months in steers and thereafter remained higher than in bulls or SS bulls. Serum testosterone increased from 1 to 10 months in bulls and SS bulls, with the increase being most pronounced between 4 and 6 months. Androstenedione increased transiently at 4 months and did not differ between bulls and SS bulls. We speculate that increased testosterone secretion at 4 to 6 months may have been caused by increased frequency of episodic LH peaks at 4 months. Increased secretion of FSH and LH in steers at 1 month and increased frequency of LH peaks in SS bulls at 3 and 4 months indicate that gonadal factors normally inhibit gonadotropin secretion well in advance of adult levels of testosterone secretion. (Key Words: Androgens, Gonadotropins, Bulls, Sexual Development.)
I ntrod uct ion
LH and FSH are secreted in increasing quantities during puberty in rats (Swerdloff et al., 1971; Dohler and Wuttke, 1975) . However, no consistent changes in serum LH or FSH have been observed in pubertal bulls (Macmillan and Hafs, 1968; Karg et al., 1976) , although serum testosterone increases markedly in bulls beginning about 5 months of age (Rawlings et al., 1972; Karg et al., 1976) .
Negative feedback by testicular products on LH release exists early posmatally, because castration of bulls as early as 1 month caused increased serum LH concentrations Tannen and Convey, 1977) . Low serum testosterone at 1 month of age (Rawlings et al., 1972; Secchiari et al., 1976; Karg et al., 1976) suggests that the hypothalamo-pituitary system is extremely sensitive to testosterone feedback or that other testicular factors are involved in negative feedback at this age. Dairy Science.
In this report, we describe two experiments 1012 JOURNAL OF ANIMAL SCIENCE, Vol. 49, No. 4, 1979 designed to characterize hormone secretion patterns prior to and during puberty in bulls. The objective was to comp~tre hormone secretion patterns in bulls, steers and bulls in which the scrotum was shortened (SS bulls). We reasoned that altered testicular competency would change negative feedback and perhaps unmask changes in gonadotropin secretion during the peripubertal period.
Materials and Methods
Experiment 1. The objective was to determine patterns of LH, prolactin, growth hormone and testosterone secretion before and after puberty in bulls and steers. During April, eight prepubertal and eight pubertal Holstein bulls were balanced for age and weight within groups, four of each group to be left intact and four to be castrated 2 weeks before the experiment. Average age and weight (days; kg) with standard errors were 113 +-24; 80 +-12 and 157 + 6; 100 +-7 for prepubertal bulls and steers and 270 + 32; 229 + 36 and 286 -+ 35; 184 + 16 for pubertal bulls and steers, respectively. Jugular blood was collected via cannulae at .5-hr intervals from 0800 hr to 1700 hr, and serum stored at -20 C until assayed for prolactin (Koprowski and Tucker, 1971) , LH (Convey et al., 1976) , growth hormone (Purchaset al., 1970) and testosterone (Haynes et al., 1977) . Episodic hormone peaks were determined by subjective evaluation of graphs of hormone data.
Experiment 2. The objective was to compare at monthly intervals from 1 to 10 months of age, patterns of LH and FSH secretion in bulls, steers and SS bulls.
Twelve Holstein bulls (2 weeks of age on April 1) were assigned randomly four each to be left intact, castrated, or made to have short scrotums. The scrotum was shortened by retaining the testes at the top of the scrotum with an elastic band (Kellaway et al., 1971) , so as to interfere with seminiferous tubular function.
Body weight for all animals and scrotal circumference for bulls were recorded at monthly intervals from 1 to 10 months. Each month, blood was taken at .5-hr intervals from 1000 hr until 0930 hr of the following day. All samples were assayed for LH and testosterone. Androstenedione, known to decline during puberty (Rawlings et al., 1972) , was measured (see Appendix) in samples from the last 8 hr of each monthly bleeding in bulls and SS bulls, but not steers. FSH was measured, as described by Cheng (1978) and modified by Carruthers (1978) , in three samples taken at hourly intervals (0700, 0800, 0900) from each animal at each month.
Data were analyzed by split plot analysis of variance (Gill and Hafs, 1971) . Logarithmic transformations were made where heterogeneous variance existed. Specific comparisons of means were by orthogonal contrasts and Scheffe's interval (Gill, 1978) .
An objective method to select episodic peaks of hormones was developed and used to evaluate these data. In each assay, a standard serum sample containing concentrations of each hormone that we judged to represent basal concentrations was assayed eight times. Values obtained were used to estimate a 95% confidence interval (X) around basal concentrations. An increase greater than 2X above a preceding basal value was considered to be a peak (.64 ng, .28 ng and .12 ng greater than basal values for LH, testosterone and androstenedione, respectively). The objective of this method was to insure that peaks reflected hormonal changes in animals, not assay variation. Basal concentration was defined as the lowest point between peaks.
At 10 months, testes and epididymides were removed and weighed. Testes were fixed for histological evaluation to compare seminiferous tubular development of normal bulls with SS bulls. Tissues were fixed in modified Karnovsky's fixative (Karnovsky, 1965) and embedded in Epon 812-Araldite 502 Resin (50:50) using procedures described by Akers et al. (1977) . Epididymides were homogenized in .9% saline, Triton-XlO0 buffer (Kirton et aI., 1967) and spermatozoa were counted in a hemocytometer by phase contrast microscopy.
Results

Experiment 1.
Serum LH concentrations and number of episodic peaks per 9 hr (table 1) were three times greater in steers than bulls (P<.05), but age had no significant effect. Number of episodic peaks and mean testosterone concentrations were fourfold greater in pubertal than in prepubertal bulls, but those changes only approached significance (P<.10). Average prolactin and episodic release patterns were not affected significantly by castration or by age, although prolactin tended (P<.IO) to be higher and more variable in older animals. Growth hormone concentrations and number aMean -+ SE of hormone concentration (ng/ml) for all samples taken over 9 hr for four animals.
bMean number (+-SE) of episodic peaks observed per animal per 9 hours.
CSerum testosterone was not quantified in steers.
of peaks were greater in prepubertal bulls than in pubertal bulls (P<.07), but this age effect was not evident in steers. Experiment 2. Body weights for bulls, steers and SS bulls did not differ significantly. Averaged over treatments they were 50 + 3 (~ + SE) kg at 1 month and 273 + 12 kg at 10 months. Scrotal circumference increased linearly (P<.05) with age in intact bulls from 106 mm at 1 month to 277 mm at 10 months. The weight of a single testis (including epididymis) of bulls and SS bulls at 10 months did not differ significantly (186 + 29 vs 140 + 19 g).
At 10 months, bulls had spermatogonia, Sertoli cells, spermatocytes and spermatids, whereas only Sertoli cells and a few spermatogonia were observed in SS bulls. Epididymidal sperm were present in bulls (7x 108/epididymis) but not in SS bulls.
LH increased (P<.05) from 1 (1.1 + 1.6 ng/ ml) to 3 (5.6 + 3.3 ng/ml) months in steers and from 1 (.8 + 1.1 ng/ml) to 2 (2.4 + 3.1 ng/ml) months in SS bulls and remained unchanged thereafter (figure 1). In normal bulls LH was greater (P<.05) at 4 months (2.7 + 2.6 ng/ml) than at 1 month (.6 + .5 ng/ml), but did not differ among other months.
Serum LH concentrations were greater (P<.05) in steers than in normal and SS bulls from 3 to 10 months. Also, SS bulls had higher (P<.05) serum LH than bulls at 5 months (2.9 + 1.1 vs 1.5 + 1.7 ng/ml) and 6 months (2.2 + 1.2 vs 1.4 + 2.6 ng/ml), but not thereafter. SS bulls had less testosterone (.3 + .2 ng/ml) than bulls (1.2 + .2 ng/ml) only at 5 months ( figure  1 ).
In steers, FSH (figure 1) increased (P<.01) from 1 to 3 months to values nearly three times higher than those in bulls, then did not change through 10 months. Serum FSH did not change with age in bulls or SS bulls. Serum testosterone concentrations for steers, because they were low (I00 pg/ml) and did not change with time of day or age, were excluded from analyses of results. The first increase (P<.05) in serum testosterone (figure 1) occurred between 4 (.5 + .2 ng/ml) and 5 months (1.2 + .2 ng/ml) in bulls but not until 5 (.3 -+ .2 ng/ml) to 6 months (1.4 + 1.4 ng/ml) in SS bulls. Average androstenedione concentrations increased (P<.05) transiently at 4 months (figure 1) and did not differ between bulls and SS bulls.
Frequency of LH peaks increased (P<.05) from 1 to 4 months in bulls, steers and SS bulls (table 2; figure 2). Thereafter the frequency of LH peaks declined (P<.05) in bulls and SS bulls but not steers. Decreased frequency of LH peaks in bulls occurred coincident with increased (P<.05) testosterone secretion(figure 1). Frequency of LH peaks did not differ between treatments at 1 month, but at 2 months steers had more frequent (P<.05) LH peaks than bulls (table 2) . At 3 to 4 months, steers and SS bulls had more LH peaks than bulls and from 5 to 10 months steers had more peaks than bulls (P< .05).
LH peak height (table 2) doubled (P<.05) from 1 to 2 months in each treatment. When averaged over all months of the experiment, steers had higher (P<.05) LH peaks than bulls or SS bulls (7.4 ng/ml vs 4.9 ng/ml and 5.0 ng/ ml, respectively). Basal LH concentrations in steers were higher (P<.O1) than those in bulls from 3 to 10 months, and higher (P<.05) than those in SS bulls from 8 to 10 months. Increased frequency and height of testosterone peaks and increased baseline concentrations (table 3; figure 2) contributed to increasing average testosterone (figure 1). Only a few small testosterone peaks (.3 to .6 ng/ml) occurred in bulls from 1 to 3 months and in SS bulls from 1 to 5 months. After this age the frequency and size of testosterone peaks increased. Notice in Bull 559 (figure 2) that testosterone peaks of 2 ng/ml followed each LH peak at 5 months, but peaks of 5 ng/ml occurred by 10 months. Frequency of testosterone peaks differed between bulls and SS bulls only at 5 months (P<.01). Basal testosterone concentrations in both normal and SS bulls increased (P<.05) linearly with age (table 3) and did not differ significantly between bulls and SS bulls.
The increase in mean concentration of androstenedione in bulls at 4 months (figure 1) resulted from an increase (P<.05) in frequency and height of peaks and increased (P<.05) baseline (table 4; figure 2). In SS bulls, increased (P< .05) peak height at 4 months contributed to the increased mean. However, neither frequency of peaks nor baseline at 4 months differed from those at other months.
Discussion
Our failure to detect significant changes in growth caused by SS or castration probably was Figure 2 . Serum LH, testosterone and androstenedione patterns in a randomly selected bull (left), steer (center) and short scrotum bull (right) at 1 (top), 4,5 and 10 (bottom) months of age. Testosterone concentrations for steers, were excluded because they were low (<100 pg/ml) and did not change with time of day or age. related with the small number of animals studied. Kellaway et al. (1971) reported more rapid growth in SS bulls than in steers.
Our results support those of Rawlings et al. (1972) , Karg et al. (1976) and Schanbacher (1979) , who found that increased serum testosterone concentration was the most pronounced hormonal change duing sexual maturation in bulls. Concomitant changes in gonadotropins or other pituitary hormones have not been ob- served previously in bulls (e.g., Karg et al., 1976) . In this study mean serum LH concentrations increased at 4 months, principally due to increased frequency of LH episodic peaks. This coincided with increased serum androstenedione at 4 months, 1 month prior to the onset of significant testosterone production. Exposure of the testes to more LH around 4 months may have stimulated maturation of testicular steroidogenesis resulting in greater androstenedione production at 4 months and increased testosterone production by 5 months. Our results agree with Karg et al. (1976) who observed no change in serum FSH concentrations during puberty. This observation does not mean that FSH plays no role during sexual maturation in bulls! Serum FSH increases before the onset of spermatogenesis in lambs and rats (Lee et al., 1976; Payne et al., 1977) . Also, FSH sensitizes the testes to respond to LH with testosterone production in rats (Swerdloff and Odell, 1977) . This effect may occur as a result of FSH stimulation of Sertoli cell secretions which affect the interstitium (Bartke et al., 1978) . Constant serum FSH concentrations might serve these functions in bulls. Bartke (1976) and Bartke and Dalterio (1976) demonstrated the importance of prolactin in testicular function, especially steroidogenesis in several rodent species. In Exp. 1, prolactin was greater in pubertal bulls than prepubertal bulls. However we cannot determine from this investigation whether prolactin caused increased gonadal steroid production in older animals, or if gonadal steroids stimulated prolactin synthesis (Nolin et al., 1977) . In any event, this effect persisted in pubertal steers which had been castrated 2 weeks earlier.
Prepubertal bulls in Exp. 1 had greater growth hormone concentrations than did pubertal bulls. Whether high prepubertal growth hormone concentrations participate in testicular maturation in bulls cannot be determined from this investigation, but growth hormone increased testosterone production in response to LH in immature male rats (Swerdloft and Odell, 1977) .
Growth hormone and prolactin were not measured in Exp. 2 because effects of age were confounded with changing photoperiod, temperature and diet, factors known to affect growth hormone and prolactin.
Frequency of episodic LH peaks increased in bulls, steers and SS bulls from 1 to 4 months, in agreement with results reported in rams (Foster et al., 1978) . What causes the increased frequency of LH peaks is not known, but they may be related to maturation of the hypothalamus. Since increased frequency of LH peaks occurred by 4 months in all treatments regardless of the steroid milieu, hypothalamic maturation presumably occurs independently of circulating steroids. However, testicular factors involved in negative feedback on LH before puberty may not be restricted to testosterone or androstenedione, because bulls had fewer LH peaks than steers even at 2 months when these steroids were very low. The frequency of LH peaks was greater in steers than bulls throughout the experiment.
Until 6 months, frequency of LH peaks in SS bulls resembled that in steers more closely than bulls, but after testosterone secretion commenced in SS bulls the frequency of LH peaks in SS bulls resembled that in bulls. Testosterone and androstenedione did not differ between bulls and SS bulls until 5 months, suggesting that some factor other than these steroids may have been lacking in young SS bulls and involved in negative feedback on LH secretion. Reduction in seminiferous tubular function in SS bulls could be the cause of greater frequency of LH peaks in this group. Inhibin or steroids (estradiol or 5a-reduced androgens) produced by the tubules might be involved (Dorrington and Armstrong, 1975; Dorrington and Fritz, 1975 ; Franchimont et al., 1977) .
The increased frequency of LH peaks that occurred in all three treatments around 4 months of age corresponded to months with the longest photoperiod. However, we have observed (unpublisbed) a comparable increase in LH secretion at 4 months in bulls of different ages studied on a single day, so increased frequency of LH peaks before puberty occurs independently of season.
Serum FSH concentrations were greater in steers than in bulls or SS bulls by 2 months, demonstrating the importance of negative feedback on FSH during the first few months of life. Although the factors revolved are not known, inhibin or steroids produced by the prepubertal testes could be important.
Our short scrotum bulls had no evidence of spermatogenesis; histological examination of SS testes revealed only Sertoli ceils and a few scattered spermatogonia as Kellaway et al. (1971) described. The testes in our SS bulls weighed 75% of those in bulls at 10 months of age, not significantly different from bulls. The SS bulls studied by Kellaway et al. (1971) , which were made SS at 3 to 4 months, at 12 months of age had testes only 25% as large as bulls. Perhaps age at performing SS surgery, duration of SS and age at final examination influence the extent of damage caused by SS to the seminiferous tubules. In support of this 3Rabbit #866 (8-17-70) antiandrostenedione serum prepared against 6 B-succinyl androstenedione conjugated to bovine serum albumin, generously supplied by Dr. G. D. Niswender, Colorado State Univ. notion, Schanbacher (1978) reported serum FSH was elevated over fourfold after bulls' (9 months old) testes were relocated into the abdomen for a period of 5 months. This is the result we expected, because Schanbacher and Ford (1977) reported increased serum FSH in castrated and cryptorchid rams. Sertoli ceils normally produce inhibin and estradiol, both of which can reduce serum FSH concentrations (Dorrington and Fritz, 1975; Steinberger and Steinberger, 1977) . Possibly the extent of the damage to Sertoli ceils was greater in the cryptorchid bulls described by Schanbacher (1978) than that in our SS bulls.
Appendix
Androstenedione was determined as we described earlier (Mongkonpunya et al., 1975) , except a second antibody was used to separate free from bound androstenedione, similar to the testosterone assay described by Haynes et al. (1977) . Briefly, 200 /21 of rabbit antiandrostenedione 3 serum diluted to 1:2,000 in .1 M phosphate buffered saline (pH 7.4) with .1% gelatin (PBS-G) and 1:100 normal rabbit serum was added to the benzene:hexane (1:3) extract from each serum sample. Then 200 /al of 1,2,6,7-H3-androstenedione (5,000 cpm) in PBS-G were added, the samples were vortexed briefly and incubated for 24 hr at 4 C. Sheep anti-rabbit globulin serum (400 #1) at a dilution of 1:20 in PBS-G was added to each tube. After incubation for 24 to 48 hr at 4 C, tubes were centrifuged for 30 min at 2,000 • g and a .5-ml aliquant was taken for assessment of radioactivity by liquid scintillation spectrometry. The useful range of the androstenedione standard curve was from 10 to 500 picograms. Fifty picograms of standard androstenedione reduced 3H-androstenedione binding by 50%. The average intra-and inter-assay coefficients of variation calculated from standard serum assayed six times in each of nine assays were 21% and 10%.
Bull and steer serum with added androstenedione (10 ng/ml) were assayed in quadruplicate with and without isolation by column chromatography. Benzene:hexane (1:3) extracts were chromatographed on Lipidex 5000 column 11 cm in length. Petroleum ether: chloroform (95:5) solvent eluted androstenedione at 5 to 8 milliliters. After correction for procedural losses, assay values for direct extraction were in good agreement with chromato-
